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STEP 1

ARE SENSORS 26C
AND 261 OFF ?

YES —

STEP 3 |

ARE SENSORS 22R, 22C,
AND 221 OFF 7

MOVE SLIDERS 7R. 7C.
STEP 5 YES AND 7L

I MOVE SLIDERS 7R, 7C, AND TL—‘

STEP 6

ARE SENSORS 22R, 22C, NO

AND 22L ON 7?7

YES

STEP 7

STOP SLIDERS 7R, 7C, AND 7L

STEP 8

MOVE SLIDERS TO HOME POSITION

STEP 9

I STOP SLIDERS J
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PRINTED CIRCUIT BOARD PROCESSING
MACHINE

BACKGROUND OF THE INVENTION

The present mvention relates to a printed circuit board
processing machine and more particularly to a printed circuit
board processing machine suitable for independently con-

trolling a plurality of spindles to reduce the machining time
of printed circuit boards to 1mprove machining efficiency.

In drilling of printed circuit boards, reduction of drilling,
time has almost reached 1ts limits. Therefore, 1n order to
further reduce machining time and improve machining
efficiency, 1t 1s necessary to reduce traveling time of the
spindle that travels among machining positions.

Therefore, a printed circuit board processing machine in
which a plurality of machining zones are set along a spindle
travel direction (Y direction) on a single printed circuit
board and spindles respectively corresponding to the
machining zones are arranged for independently movement
to shorten traveling distances of the spindles are shorten of
the spindles, thereby improving machining efficiency 1is
proposed 1n, for example, JP-A-64-58405. This printed
circuit board processing machine has a structure shown 1in
FIG. 7.

Reference numeral 1 denotes a bed. A table 2 1s moveably
supported by guide means 3 fixed to the bed 1 so that 1t can
travel in a direction of arrow X, and 1s driven by a feed screw
mechanism including a feed screw 4. Drill supply devices
SR, 5L are fixed to the table 2 with a predetermined interval.

Across rail 6 1s fixed to the bed 1 so as to straddle the table
2. Shiders 7R, 7L are supported for movement 1n an arrow Y
by guide means 8 fixed to the cross rail 6, and are indepen-
dently driven by respective feed screw mechanisms includ-
ing respective feed screws YR, 9L and motors 10R, 10L.

Saddles 11R, 11L are supported for movement 1n an arrow
Z. by respective guide means 12 fixed to shiders 7R, 7L, and
are driven by respective feed screw mechanisms each of
including a feed screw 13 and a motor 14.

Spindle units 1SR, 15L, each of which comprises a
spindle provided with a chuck for detachably supporting a
drill as well as a motor for rotationally driving the spindle,
are respectively supported by saddles 11R, 11L. A printed
circuit board 16 1s placed on the table 2 and 1s machined.

With this structure, the machining zone of the printed
circuit board 16 1s divided into a left zone and a right zone
at a substantial center thereof. The spindle unit 15R pro-
cesses the right machining zone and the spindle unit 15L
processes the left machining zone. Thus, 1t 1s possible
shorten the travel distance of each spindle umt 15R, 15L
necessary for machining the printed circuit board 16 by halt
of the structure in which the entire machining zone 1is
processed by a single spindle unit. Also, since 1t 1s possible
to 1ndependently locate the spindle units 15R, 15L {for
machining, machining efficiency can be improved.

However, since this machine drives multiple slhiders
independently, the feed screw mechanisms for driving the
sliders 1n the Y direction must be provided as many as the
number of sliders. Consequently, it becomes difficult to
secure space for feed screw mechanisms on the cross rail it
the number of sliders 1s three or more. It 1s also difficult to
keep the precision of three or more feed screw mechanisms
uniform.

SUMMARY OF THE INVENTION

In the light of the circumstances described above, an
object of the present invention 1s to provide a printed circuit
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2

board processing machine capable of using three or more
spindle units mdependently driven 1n the Y direction and
further improving machining efficiency.

A printed circuit board processing machine according to
the present invention comprises a table that can travel 1n a
X-direction carrying a printed circuit board thereon; a cross
rail arranged so as to straddle the table; a plurality of sliders
supported for independently movement 1n a Y-direction by
the cross rail; a plurality of spindles supported for movement
in a Z-direction by the sliders; a magnetic rail of a linear-
motor fixed to the cross rail; and a plurality of coils of the
linear-motor fixed to the sliders so as to oppose the magnetic
rail.

The printed circuit board processing machine further
comprises a linear encoder fixed to the cross rail; a plurality
of linear encoder heads fixed to the sliders so as to corre-
spond to the linear encoder; a plurality of first dogs for
returning to home positions, fixed to the cross rail so as to
correspond to the sliders; a plurality of first sensors fixed to
the sliders so as to correspond to the first dogs; a plurality of
second dogs for interference prevention, fixed to one of
adjacent sliders; and a plurality of second sensors fixed to
the other of the adjacent sliders so as to correspond to the
second dogs.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, advantages and novel features of the
present mvention will become apparent from the following
detailed description of the invention when considered 1n
conjunction with the accompanying drawings.

FIG. 1 1s a perspective view of a printed circuit board
processing machine according to the present invention;

FIG. 2 1s a side view of a cross rail shown 1n FIG. 1;

FIG. 3 1s a plan view when the spindle units are located
at a their respective home positions;

FIG. 4 1s a plan view when the spindle units are located
at any positions;

FIG. 5 1s a plan view when the spindle units are located
at any positions;

FIG. 6 15 a flowchart showing an operation of returning to
the home positions; and

FIG. 7 1s a perspective view of a prior art printed circuit
board processing machine.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

A preferred embodiment of the invention will be
described hereinafter with reference to the accompanying
drawings.

FIGS. 1 to 5 show an embodiment of the present
invention, in which the same components as those of FIG. 7
are denoted by the same reference numerals. A slider 7c¢ 1s
supported for movement 1n a direction of an arrow Y by
ouide means 8 fixed to a cross rail 6. A saddle 11C 1s
supported for movement in a direction of an arrow Z by
ouide means 12 fixed to the slider 7C and 1s driven by a feed
screw mechanism including a feed screw 13 and a motor 14.
A spindle unit 15C comprises a spindle provided with a
chuck for detachably supporting a drill and a motor for
rotationally driving the spindle and i1s supported by the

saddle 11C.

A linear-motor rail 17 made of magnetic material 1s fixed
to the cross rail 6 in parallel to the guide means 8. Linear-
motor coils 18R, 18C, 18L are respectively fixed to the
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shiders 7R, 7C, 7L so as to oppose the rail of magnetic
material 17. Stoppers 19 are fixed to the cross rail 6 so as to
position at both ends of the rail of magnetic material 17.

Dogs 20R, 20C, 20L for returning to home positions are
fixed to the cross rail 6. Brackets 21 are respectively fixed
to the shiders 7R, 7C, 7L. Sensors 22R, 22C, 221 comprise
transmission optical sensors, and are respectively fixed to
the brackets 21 so as to correspond to the dogs 20R, 20C,
20L.

A linear encoder 23 1s fixed to the cross rail 6 1n parallel
to the guide means 8. Linear encoder heads 24R, 24C, 24L
are respectively fixed to the shiders 7R, 7C, 7L so as to
correspond to the linear encoder 23.

Dogs 27R, 27C for interference prevention are respec-
tively fixed to the sliders 7R, 7C. Sensors 26C, 26 comprise
transmission optical sensors, are respectively fixed to the
sliders 7C, 7L via brackets 25C, 25L so as to correspond the
dogs 27R, 27C.

With this structure, the spindle unit 15R shares a machin-
ing zone from R1 to R2, the spindle unmit 15C shares a
machining zone from C1 to C2, and the spindle unit 15L
shares a machining zone from L1 to L2, respectively, as
shown 1n FIG. 3. Home positions of the spindle units 15R,
15C, 15L are respectively located at positions LR, LC, LL
from the right ends of corresponding dogs 20R, 20C, 20L.

When the spindle units 15R, 15C, and 15L are located at
their home positions and an electric current 1s applied to the
coil 18R (or 18C, or 18L) in accordance with a command of
a control unit (not shown), the slider 7R (or 7C, or 7L) on
which the coil 18R (or 18C, or 18L) is fixed is moved along
the guide means 8 to move the spindle unit 15R (or 15C, or
15L) to a machining position.

At this time, the control unit monitors positions of the
sliders 7R, 7C, 7L to control so that the sliders 7R, 7C, 7L
may not interfere with each other because the machining
zones of adjacent sliders 7R and 7C as well as 7C and 7L
overlap 1n part.

When a printed circuit board 16 to be machined and the
spindle unit 15R (or 15C, or 15L) are positioned by relative
movement between the table 2 carrying the printed circuit
board 16 thereon and the slider 7R (or 7C, or 7L) in the X-
and Y-directions, the motor 14 1s activated to feed the
spindle unit 15R (or 15C, or 15L) in the Z-direction to drill

the printed circuit board 16.

By repeating relative movement between the table 2 and
the slider 7R (or 7C, or 7L) in the X- and Y-directions as well
as movement of the spindle unit 15R (or 15C, or 15L) in the
Z-direction as described above, holes designated by program
are drilled 1n the printed circuit board 16.

The shiders 7R, 7C, 7L are merely movably supported by
the guide means 8, and therefore, they are moved easily if a
force 1s applied in the Y-direction. For example, if an
operator stops the printed circuit board processing machine
and replaces a broken drill, a position 1n the Y-direction of
the slider 7R (or 7C, or 7L) supporting the spindle unit 15R
(or 18C, or 15L) of which drill has been exchanged may be
changed. Therefore, when a power 1s applied and the printed
circuit board processing machine is started again, the sliders
7R, 7C, 7L must be returned to their respective home
positions.

For example, as shown in FIGS. 4 and 5, if a command
to return to home positions 1s 1ssued when the sliders 7R, 7C,
and 7L are located at any position, they are returned to their
home positions according to the procedures shown 1n FIG.
6. In the following description, a state in which a light from
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the light projector of the transmission optical sensor 1s being
received by the light receiver 1s regarded as an OFF state
while a state in which the light 1s interrupted by the dogs 1s
regarded as an ON state.

First, outputs of the sensors 26C, 261 are checked (Step
S1). If either or both of the sensors 26C, 261 are ON, either
or both sliders 7R, 7C on which the dogs 27R, 27C corre-
sponding to the sensors 26C, 26L are fixed are moved in
such directions that the spacing between the sliders 7R, 7C,
7L spread (Step S2).

If the outputs of both sensors 26C, 26L are OFF, the
outputs of the sensors 22R, 22C, 221 are checked (Step S3).
For example, when the sensors 22R, 22C, 221 are ON by
being overlapped with the dogs 20R, 20C, 20L as shown 1n
FIG. § or when one or two of the sensors 22R, 22C, 22C are
ON, the sliders 7R, 7C, 7L on which the sensors 22R, 22C,
221 are fixed are moved toward their respective machining
zones until the sensors 22R, 22C, 221 are turned OFF by
being come off the dogs 20R, 20C, 20L (Step S4) as shown
in FIG. 4.

While moving the shiders 7R, 7C, 7L to their respective
home positions (Step S85), the respective outputs of the
sensors 22R, 22C, 221, are monitored (Step S6). When the
sensor(s) becomes ON, the slider(s) 7R, 7C, 7L holding the
ON sensor(s) 22R, 22C, 22L is stopped (Step S7).

When all the sliders 7R, 7C, 7L are stopped, they are

moved to their respective home positions (Step S8). While
monitoring the outputs of the linear encoder heads 24R,

24C, 241, the shiders 7R, 7C, 7L that have reached their
home positions are stopped (Step S9).

When returning the shiders 7R, 7C, 7L to their home
positions in the Y-axis direction, adjacent sliders 7R, 7C or
7C, 7L may interfere with each other 1n a case where the
spacing among the sliders 7R, 7C, 7L at starting of move-
ment are less than a predetermined spacing, since they do
not move at the same speed even 1f they are moved simul-
taneously.

If the value of Kv is 80 (1/sec), speed is 1 m/sec, and
speed variation rate 1s 7%, then the variation 1 an amount
of travel of each of the sliders 7R, 7C, 7L per unit time 1s
ogrven by:

Droop amount=1 (m/sec)/80 (1/sec)=0.0125 m=12.5 mm,

and

Variation amount in distance=12.5 mmx0.07 (%)x2
(axes)=1.75 mm.

Thus, interference among the sliders 7R, 7C, 7L can be
prevented 1if the sliders 7R, 7C, 7L are moved with confirm-
ing that the spacing among the sliders 7R, 7C, 7L are 1.75
mm or more by using the sensors 26C, 261 and the dogs
27R, 27C.

In this way, high-precision machining can be ensured by
returning the sliders 7R, 7C, 7L to their respective home
positions and managing the distances from the home posi-
tions till respective machining positions with the linear
encoder 23.

As described above, according to the invention, there 1s
provided a printed circuit board processing machine com-
prising a table that can travel in a X-direction carrying a
printed circuit board thereon; a cross rail arranged so as to
straddle the table; a plurality of sliders supported for inde-
pendently movement 1n a Y-direction by the cross rail; a
plurality of spindles supported for movement 1n a
Z-direction by the shiders; a magnetic rail of a linear-motor
fixed to the cross rail; and a plurality of coils of the
linear-motor fixed to the sliders so as to oppose the magnetic
rail, said processing machine being capable of using spindle
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units more than three independently driven 1n the Y-direction
and 1mproving machining efficiency.

Further, since the printed circuit board processing
machine of the invention further comprises a linear encoder
fixed to the cross rail; a plurality of linecar encoder heads
fixed to the sliders so as to correspond to the linear encoder;
a plurality of first dogs for returning to home positions, fixed
to the cross rail so as to correspond to the sliders; a plurality
of first sensors fixed to the sliders so as to correspond to the
first dogs; a plurality of second dogs for interference
prevention, fixed to one of adjacent sliders; and a plurality
of second sensors fixed to the other of the adjacent sliders so
as to correspond to the second dogs, it 1s possible to effect
high precision process.

The foregoing disclosure has been set forth merely to
illustrate the invention and 1s not intended to be limiting.
Since modifications of the disclosed embodiments 1mncorpo-
rating the spirit and substance of the invention may occur to
persons skilled 1n the art, the invention should be construed
to include everything within the scope of the appended
claims and equivalents thereof.

What 1s claimed 1s:

1. A printed circuit board processing machine comprising:
a table that can travel in a X-direction carrying a printed
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circuit board thereon; a cross rail arranged so as to straddle
the table; at least three sliders supported for independent
movement in a Y-direction by the cross rail and arranged to
have overlapping machining zones; at least three spindles
supported for independent movement 1n a Z-direction by the
sliders which are capable of driving at least three of the
spindles without interference; a magnetic rail of a linear-
motor fixed to the cross rail; a plurality of coils of the
linear-motor fixed to the sliders so as to oppose the magnetic
rall, wherein a linear encoder 1s fixed to the cross rail; a
plurality of linear encoder heads are fixed to the shiders so as
to correspond to the linear encoder; a plurality of first dogs
for interference prevent among the shiders and spindles are
fixed to one of adjacent shiders; and a plurality of first
sensors 1s fixed to the other of the adjacent slhiders so as to
correspond to the first dogs.

2. printed circuit board processing machine according to
claim 1, further comprising a plurality of second dogs for
returning to home positions, said second dogs being fixed to
the cross rail so as to correspond to the slhiders; and a
plurality of second sensors operatively fixed to the sliders so
as to correspond to the second dogs.
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